Improved production of β-1,3-1,4-glucanase by recombinant Pichia pastoris by NDIKUBWIMANA Theoneste
 
University Code: 10384    





MASTER’S DEGREE THESIS  
 







Supervisor: Professor Lu Yinghua  
Major: Chemical Engineering  
Date of Graduation: June 2010 
 
 
A THESIS SUBMITTED IN FULFILLMENT OF REQUIREMENTS  
FOR THE AWARD OF DEGREE OF MASTER OF ENGINEERING  
 
DEPARTMENT OF CHEMICAL AND BIOCHEMICAL ENGINEERING  
COLLEGE OF CHEMISTRY AND CHEMICAL ENGINEERING  
















I, Professor Lu Yinghua, hereby certify that I have read this manuscript and 
recommend for acceptance by the Xiamen University a dissertation entitled 
“Improved production of β-1,3-1,4-glucanase by recombinant Pichia 
pastoris ” in fulfillment of degree of Master of Engineering at Xiamen 








Department of Chemical and Biochemical Engineering 
College of Chemistry and Chemical Engineering  
Xiamen University  



















The research described in this Master of Engineering thesis was conducted 
under the supervision of Professor Lu Yinghua at the Department of 
Chemical and Biochemical Engineering, Xiamen University. I hereby declare 
that this thesis is based on my original work except for quotations and 
citations, which have been duly acknowledged if any. I also declare that it 
has not been previously or concurrently submitted for any other degree, 








NDIKUBWIMANA THEONESTE  
 
 



















All rights reserved. No part of this dissertation may be reproduced, stored in 
any retrieval system, or transmitted in any form by any means: electronic, 
mechanical, photographing, recording or any other without prior written 
































I dedicate this thesis to my beloved wife Triphine MUKAMPETA and our 





































The course of experiments for this Thesis has been one of the most significant academic 
challenges faced, for this; it‟s my pleasure to express my deepest gratitude to all who have 
contributed to the accomplishment of this work. 
 
I would like to express my sincere gratefulness to The Almighty God for providing me 
with guide, wisdom and strength in my research work. I express deepest sincere thanks to 
my supervisor Professor Lu Yinghua (卢英华) for his guidance, encouragement, patience 
and support throughout the whole time of this research work. Greatest appreciation goes to 
Miss Zhuang Lingxi (庄灵习) for sharing her research experience and knowledge with me, 
her support and suggestions.  
 
I am also grateful to my laboratory mates especially Miss Wang Baobei (王宝贝), Miss 
Chen Yalan (陈亚兰) for their kindness and support when needed during my research 
work in laboratory.  
 
My grateful thanks go to Mr. Chen Chengquan (陈成泉) for his technical support and help 
during this research work; and also to all my classmates，Laboratory mates and friends for 
their kindness, encouragement, inspiration and support throughout my studies and to make 
my life wonderful in Xiamen University. 
 
I sincerely acknowledge the scholarship awarded to me by the Chinese Government 
Scholarship Council (CSC); all teachers and staff of Xiamen University for their 
contribution to my postgraduate studies at Xiamen University.  
 
















continuous encouragement in completing this study even if I was very far from them.  
I owe my deepest gratitude to my parents, brothers and sisters and other family members 
for their endless support and love throughout the whole course of my studies.  
 
Lastly, I offer my regards and blessings to all of those who supported me in any respect 


































The β-1,3-1,4-glucanase (EC3.2.1.73) is an important industrial enzyme extremely applied 
in beer brewing and animal feed additive industries, it can reduce significantly the 
viscosity during mashing for high-quality brewers malt and also can effectively improve 
digestibility of barley-based diets and reduce enteritis. The main objectives of this study 
are to improve the fermentation process of recombinant Pichia pastoris producing 
β-1,3-1,4-glucanase, scale up the fermentation process and study the properties of 
β-1,3-1,4-glucanase. We have used the GS115/pPIC 9K-bgl Mut
+
 strain of Pichia pastoris 
which secretes β-1,3-1,4-glucanase. We improved the feeding strategy by applying the 
mixed-feed of glycerol and methanol during the induction phase; in order to improve the 
fermentation medium (Basal salt medium: BSM), we investigated the effect of two carbon 
sources (glycerol and sorbitol) to find out which is more suitable to improve the 
production, also we investigated the effect of nitrogen source on production by comparing 
two nitrogen sources (Ammonium sulfate and Yeast nitrogen base with Ammonium 
sulfate without amino acids: YNB), and also the effect of Biotin on the enzyme production 
have been investigated. Sorbitol was found to be more suitable on shake flask 
fermentation level but cells could not grow well during the fed batch fermentation on 
Bioreactor level. On the shake flask fermentation, by feeding the mixed-feed of glycerol 
5% with methanol 95% for 3 days of induction time and feed methanol 100% for the 
remaining induction time, the enzyme activity of 58.4 U/mL has been achieved; increasing 
the enzyme activity up to 113.1% compared to 27.4 U/mL obtained by feeding methanol 
100% alone during the induction phase; and an enzyme activity of 166 U/mL
 
has been 
achieved at 96 h of induction when scale up the fermentation process on a 3 L Bioreactor 
using the improved BSM medium and feeding the mixed-feed of glycerol 5% with 
methanol 95% for 3 days of induction time and feed methanol 100% for the remaining 
induction time, corresponding to an increase of the enzyme activity up to 44% compared 
to the enzyme activity of 115.3 U/mL
 
















feeding methanol 100% the whole induction phase . The study of the enzyme properties 
showed that the optimal acidity and temperature of β-1,3-1,4-glucanase produced by 
recombinant Pichia pastoris were pH 6.0 and 50
o
C respectively. It was stable within the 
pH range 5.0-6.5. The thermal stability of this enzyme displayed in recombinant Pichia 
pastoris was relatively high, and these properties make the enzyme suitable for industrial 
applications. 
 















































在摇瓶培养，诱导时混合流加 5%甘油及 95%甲醇，3 天后继续流加 100%甲醇，
获得最高酶活为 58.4 U/mL，与诱导时单纯流加 100%甲醇所获酶活 27.4 U/mL 相比，
提高了 113.1%。使用改进的 BSM 培养基放大到 3 L 发酵罐中培养该酵母，诱导时
混合流加 5%甘油及 95%甲醇 3 天后继续流加 100%甲醇，诱导 96 h 后获最高酶活为
166 U/mL，与诱导时单纯流加 100%甲醇所获酶活 115.3 U/mL 相比，提高了 44%。 
对 β-1,3-1,4-葡聚糖酶的酶学性质进行研究表明，该酶的最适 pH 为 6.0，最适温
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Chapter 1 Review 
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Chapter 1 Review 
1.1. Introduction 
The β-1,3-1,4-glucan is the major component of cereal cell walls (e.g. barley, rice and 
wheat) 
[1, 2]
, it is a kind of linear polysaccharide composed of β-D-glucosyl residues linked 
through β-1,3 and β-1,4 glycosidic linkages. 
The β-1,3-1,4-glucanase (endo β-1,3-1,4-D-glucan 4-glucanohydrolases or lichenase, EC 
3.2.1.73) is an enzyme with a strict cleavage specificity for β-1,4-linkages adjacent to 
β-1,3-linkages in mixed linkage of β-glucan and lichenan but cannot split the β-1, 
4-glycosidic bonds in carboxymethyl-cellulose 
[2-4]
. When β-glucan and lichenan are 
hydrolysed by β-1,3-1,4-glucanase, they produce cellobiosyltriose and cellotriosyltetraose 
[5]
. 
The barley glucan is an anti-nutritional factor especially for chicken and piglets, and the 
glucan in cereal-grain-based diet has deleterious side effects such as sticky droppings. The 
addition of β-1,3-1,4-glucanase improves the digestibility of barley-based diets and also 
reduces enteritis 
[6-8]
. When malting, the β-1,3-1,4-glucanase is heat inactivated, leaving 
the high content of β-glucan in brewers wort; this may cause serious  problems such as 
low filtration rate and extracted yields, as well as undesirable appearance from hazes and 
gelatinous precipitates in beer; therefore, the β-1,3-1,4-glucanase is often added to reduce 




To produce the enzyme at industrial scale, the heterologous expression of bacterial 
β-1,3-1,4-glucanase has been attempted in a number of host organisms, such as 
Escherichia coli and Pichia pastoris; the β-1,3-1,4-glucanase genes used for this purpose 









; Bacillus licheniformis 
[13,14]
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